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INTERFACING OF COMPUTERS WITH FLUID MECHANICS EXPERIMENTATION 
SCHOOL OF CIVIL ENGINEERING 
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PROFESSOR C. SAMUEL MARTIN, PRINCIPAL INVESTIGATOR 
DECEMBER 1988- SEPTEMBER 1990 
Introduction 
The enhancement of instruction in the Fluid Mechanics Laboratory of the School of Civil 
Engineering began during Spring and Summer of 1989 once funds were available and equipment 
and software could be purchased. The initial acquisitions were two Hewlett-Packard PC Vectras 
and accompanying software and a MetraByte data acquisition card. For the initial 15 months of 
the project following acquisition of the equipment programs have been developed to use the system 
for acquisition of data in the wind tunnel. To date the principal uses of the computers in the fluid 
mechanics laboratory have been (1) calibration of transducers and flow meters and (2) 
determination of pressure distribution around square and circular cylinders in the wind tunnel. 
These experiments have been conducted by writing programs in QuickBasic to drive a MetraByte 
data acquisition card. The students take the data from the QuickBasic program and import it into 
spreadsheet programs such as LOTUS 123 or Quattro Pro for analysis and plotting. 
Although only the MetraByte card and QuickBasic have been used to date in the laboratory, 
LabWindows and data acquisition using a Keithley 500 System are now being employed. Indeed, 
other experiments are now being designed to implement computer utilization. Brief descriptions 
are as follows. 
Oil Flow Experiment 
An oil flow facility for demonstrating laminar flow, transition to turbulence, and turbulent flow 
will be adapted for collecting pressure drop and flow data. The computer will collect flow data 
from a turbine meter along with pressure drop from a pressure transducer for a screen plot of 
head loss versus flow for the various flow regimes. The demonstration of Poiseuille flow law will 
be determined directly via the computer. 
Wind Tunnel Experiments 
The current experiments for determining pressure distribution and form drag on an airfoil, and 
square and circular cylinders will be enhanced by the acquisition of a scanning valve for the 40 
pressure taps and stepping motors for positioning of Pitot tubes. Complete computer control will 
allow for the determination of pressure drag on the circular cylinder in the critical range, the effect 
of angle of attack of the airfoil and incidence angle of approach flow to the square cylinder. 
Moreover, a traverse of the Pitot tube in the wake of the respective body will allow for the 
determination of drag. 
Further Experiments 
Other computer-related experiments are currently being designed in conjunction with hardware 
to be purchased. One experiment will be the determination of the characteristics of a centrifugal 
pump. Another will be the measurement of frictional pressure drop in developed turbulent flow 
in a tube and the determination of head-loss characteristics of a ball valve utilizing an electronic 
flow meter and a scanning valve. The computer will also be used for experiments in ( 1) an 
oscillating flow in aU-Tube, (2) gravity wave characteristics, (3) waterhammer characteristics, and 
(4) cavitation in a venturi. 
In summary, the project is well under way in terms of acquisition of hardware and software 
and implementation. There must be an accelerated pace of design and implementation during the 
next 6 months to complete the project. Appended is a list of equipment and other items acquired 
through September 1990. 
ACQUISffiONS FOR NSF PROJECT 
INTERFACING OF COMPUTERS WITII FLUID MECHANICS EXPERIMENTATION 
Item Use Q1antity 
Hewlett-Packard Vectra QS16 Computer 2 
Hewlett-Packard Vectra ES12 Computer 3 
Keithley 500 System Data Acquisition System 1 
MetraByte DAS8 PGA Data Acquisition Card 2 
National Instruments HPIB IEEE Control Card 1 
Hewlett-Packard HPIB IEEE Control Card 3 
National Instruments MIO-AT Data Acquisition Card 1 
Hewlett-Packard HP Viper Card HP BASIC Controller 2 
National Instruments LabWindows Data Acquisition Software 1 
Hewlett-Packard Counter Frequency Counter 1 
Hewlett-Packard Digital Oscilloscope Wave Forms, etc. 1 
Hewlett-Packard Laser Jet liP Printer 2 
Hewlett-Packard Thinkjet Printer 2 
Hewlett-Packard Paintjet Printer 1 
Hewlett-Packard Plotter Plotter 2 
Hewlett-Packard Digitizer Curve Digitizing 1 
Hewlett-Packard Signal Analyzer Spectral Analysis 1 
Tektronix Multimeter IEEE Control 1 
Flow Science Turbine Meter Flow Meter 1 
Clark Y-10 Airfoil Pressure Distribution 1 
Aneroid Barometer Barometric Pressure 1 
Software 
Miscellaneous Gages, etc. 
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PART II- SUMMARY OF COMPLE1ED PROJECT 
Award number: 8852831 
Principal Investigator: C. Samuel Martin 
Selected undergraduate experiments in hydraulics and fluid mechanics have been adapted to 
computer-based instrumentation and control for the enhancement of the teaching undergraduates. 
Moreover, the laboratory use of computers as data-acquisition tools has allowed for the introduction 
of new concepts in the teaching of laboratory fluid mechanics courses. Since many of the common 
fluid mechanics experiments are typically limited by laborious manual data acquisition, new insights 
are gained, as the few cases which can be covered in the time available and the delay in data 
analysis, which usually occurs well after the experiment is completed and the phenomena forgotten. 
This project demonstrated a twofold objective: (1) the introduction of students to modem methods 
of scientific data acquisition and control, and (2) the enhancement of teaching of fluid mechanical 
phenomena. The latter was the primary objective as it is well known that direct involvement and 
observation of fluid flows is essential for gaining a feel for the subject. The project accomplished 
this objective by allowing many more cases to be explored and by providing rapid feedback of the 
consequences of changing experimental variables. 
One example of a computer-related experiment is the determination of the pressure distribution 
and form drag on an airfoil, square and circular cylinders by means of computer controlled A/D 
data acquisition cards connected to a pressure transducer and analog amplifier. By means of a 
scanning valve for the 40 pressure taps and stepping motors for positioning of Pitot tubes, such 
experiments as drag comparison by integration of pressure distribution with that of momentum 
balance using velocity traverses are accomplished. Another experiment is the determination of the 
characteristics of a centrifugal pump by mens of a PC-based data-acquisition system. Yet another 
is the measurement of frictional pressure drop in developed turbulent flow in a tube and the 
determination of head-loss characteristics of a ball valve utilizing an electronic flow meter and a 
scanning valve. The computer is also used for experiments in (1) an oscillating flow in aU-Tube, 
(2) gravity wave characteristics, (3) waterhammer characteristics, and (4) cavitation in a venturi. 
The project also allowed for the introduction of commercially available data-acquisition 
software such as IABWINDOWS, HP BASIC PLUS, and INSTRUMENT BASIC for MS 
WINDOWS, to name a few. 
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r- Senior Post· Graduate Under· Other 
Staff Doctorals Students Graduates Participants 1 
Male Fem. Male Fem. Male Fem. Male Fem. Male Fem. 
A. Total, U.S. Citizens 
-
B. Total, Permanent Residents 
U.S. Citizens or 
Permanent Residents2: 
American Indian or Alaskan Native . .. 
Asian ... . .. . . .. .............. .. . . . 
Black, Not of Hispanic Origin ... ... . .. 
Hispanic . .......... . . . . . . . .. . .. . .. 
Pacific Islander ... . .. ... .. . . . ... .. . 
White, Not of Hispanic Origin ... . .... 





D. Total, All participants y 
0 0 0 0 0 0 0 0 0 0 (A+ B +C) 
Dlsabled3 
0 
Decline to Provide Information: Check box if you do not wish to provide this information (you are still required to return this page 
along with Parts 1·111). 
1Category includes, for example, college and precollege teachers, conference and workshop participants. 
2Use the category that best describes the ethnic/racial status for all U.S. Citizens and Non-citizens with Permanent Residency. (If more 
than one category applies, use the one category that most closely reflects the person 's recognition in the community.) 
3A person having a physical or mental Impairment that substantially limits one or more major life activities; who has a record of such 
impairment; or who is regarded as having such impairment. (Disabled individuals also should be counted under the appropriate 
ethnic/racial group unless they are classified as "Other Non·U.S. Citizens.") 
AMERICAN INDIAN OR ALASKAN NATIVE: A person having origins In any of the original peoples of North America, and who main· 
tain cultural identification through tribal affiliation or community recognition. 
ASIAN: A person having origins In any of the original peoples of East Asia, Southeast Asia and the Indian subcontinent . This area 
includes, for example, China, India, Indonesia, Japan, Korea and Vietnam. 
BLACK, NOT OF HISPANIC ORIGIN: A person having origins in any of the black racial groups of Africa. 
HISPANIC: A person of Mexican, Puerto Rican, Cuban, Central or South American or other Spanish culture or origin, regardless of race. 
PACIFIC ISLANDER: A person having origins in any of the original peoples of Hawaii; the U.S. Pacific Territories of Guam, 
American Samoa, or the Northern Marianas; the U.S. Trust Territory of Palau; the Islands of Micronesia or Melanesia; or the 
Philippines. 
WHITE, NOT OF HISPANIC ORIGIN: A person having origins in any of the original peoples of Europe, North Africa, or the Middle East. 
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